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Blast  pressures  were  obtained  fr«)m  surface  bursts  of  hemispherical,  spherical,  and 
cylindrical  composition  B explosive  and  from  encased  RDX  slurry  charitcs.  Charge  weights 
varied  from  0.50  to  J.7  poun.'s.  Pressure  measurements,  taken  between  2 and  50  feet  from 
the  charge,  varied  from  less  than  I psi  to  tiver  1,000  psi. 

The  pressure-time  records  were  evaluated  for  peak  pressure,  impulse,  and  positive- 
phase  duration.  The  effects  of  charge  shape  and  composition  were  of  primary  importance. 
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INTRODUCTION 


The  U.  S.  Army  Armament  Conunand  (ARMCOM)  is  modernizing  ammunition 
facilities,  including  equipment  and  protective  structures,  used  in  manu- 
facturing, processing,  and  storage  of  conventional  munitions.  Consistent 
with  new  safety  regulations,  those  structures  which  serve  tc  prevent 
explosive  propagation,  damage  to  material,  or  injury  to  personnel  are 
being  designed  to  comply  with  criteria  and  methods  set  forth  in  the  TM5- 
1300  Manual,  “Structures  to  Resist  the  Effects  of  Accidental  Explosions’’ 
M ] . The  manual  contains  methods  and  criteria  for  determining  the  blast 
environinent  and  its  effect  on  personm.l,  structure ^ and  adjacent  explo- 
sives. 

A scale-model  cubicle  test  program  to  supplement  material  in  TM5- 
1300  is  being  sponsored  by  Picatinry  Arsenal  (Manufacturing  Technology 
Directorate)  and  conducted  by  the  Navy’s  Civil  Engineering  Laboratory 
(CEL),  Port  Hueneme,  CA.  The  cubicle  test  program  was  designed  to 
establish  the  blast  environment  in  and  around  fully  and  partially  vented 
cubicles.  A CEL  report  (21  presents  the  cubicle  test  program  results 
and  gives  methods  and  criteria  for  predicting  the  blast  environment  for 
practical  variations  in  critical  par&.'x.ters,  including  the  size,  shape, 
and  vent  area  of  the  cubicle,  and  the  charge  weight  inside  the  cubicle. 

The  influence  of  cover  frangibility  is  presently  being  studied  at  CEL 
and  will  be  the  subject  of  another  report. 

Because  of  the  large  number  of  tests  and  the  small  size  of  the  test 
char, res,  composition  B cylinders  were  chosen  as  the  explosive  for  t Iw 
cubicle  test  program.  Composition  B is  easier  to  detonate  in  small 
amounts  (3),  and  cylinders  are  less  expensive  than  spheres.  It  is,  ilu  re- 
fore,  necessary  to  relate  t(»e  output  of  a composition  B cylinder  to  Hiat 
of  an  established  standard  such  as  a TNT  hemispherical  surface  burst 
given  in  TM3-1300.  Tite  effects  of  charge  shape  and  composition  can  then 
be  accounted  for  when  tlie  results  of  the  scale-model  cubicle  tests  are 
incorporated  Into  TM5-1300. 

RDX  slurry  tanks  are  used  in  ammunition  production  facilities.  The 
shock  wave  parameters  from  an  accidental  explosion  of  such  a tank  is 
important  in  the  design  of  new  facilities.  The  test  site  used  for  deter- 
mining the  composition  B equivalency  was  also  used  to  determt,ie  the  output 
of  RDX  slurry. 


OWECTI’/E 

The  primary  test  object ive»  were  to  measure  the  pressure-time* 
distance  relationships  for  surface  hursts  of  cylindrical  coi^aition 
B and  for  encased  RDX  slurry  high  explosives  and  to  sttdy  the  effects 


1 


of  charge  shape.  Included  in  the  study  of  charge  shape  effects  was  a 
direct  conparison  of  pressure *tiae  data  froa  the  detonation  of  spheres 
and  cylinders  in  a cubicle. 

Secondary  objectives  included  the  study  of  the  effects  of  surface 
hardness  and  small  heights  of  bursts  oh  air-blast  paraaeters.  The 
effects  of  using  ccmposition  B cylinders  in  a^ future  scale  sndel  cubicle 
test  program  vrere  also  evaluated. 


EXPERIMENTAL  PROGRAM 
Test  Planning 

The  original  test  plan  specified  a direct  comparison  of  air-blast 
parameters  from  composition  B cylinders  and  RDX  slurry  containers  to 
those  from  TNT  spheres.  All  charges  were  elevated  (the  cylinders  and 
spheres  were  elevated  1 radii  from  ground  level  to  the  center  of  gravity; 
the  center  of  gravity  of  the  precipitated  RDX  disc  in  the  slurry  container 
was  elevated  3 radii  of  a sphere  of  the  sane  weight).  Good  data  was  obtained 
from  the  composition  B and  RDX  slurry  tests.  However,  pcor  detonation  of 
the  center-initiated  cast  TNI  spheres  prevented  use  of  the  TNT  data  for 
comparison.  Similar  problems  with  TNT  spheres  vert*  roported  hv  Fisher 
and  Pitmann  ' 3| . 

The  test  program  was  then  expanded  to  include  surface  bursts  of 
composition  B hi>mlspheres,  spheres,  and  cylinders.  The  spherical  and 
hemispherical  data  could  be  compared  with  known  TNT  surface  burst  results 
for  determination  of  TNT  equivalency  of  coaposition  B and  to  check  out 
the  pressure  measurement  system.  Table  1 suanarizes  the  scope  of  the 
test  program. 

The  hemispherical  coaposition  B charges  were  detonated  on  sand  and 
on  a steel  plate  to  determine  which  condition  produced  the  most  consistent 
results  for  surface  bursts.  The  test  results  indicated  that  the  steel 
plate  should  be  used  fur  subsequent  testing. 

The  spherical  coaposition  B surface  burst  tests  were  then  run  for 
comparison  with  known  TNT  results.  Spherical  coaposition  B charges  were 
also  evaluated  for  the  effects  of  smalt  elevations  on  the  air-blast  paraa- 
eters.  The  spheres  were  elevated  3 radii  of  a cylinder  (L/D  • 1)  of  the 
same  weight.  Air-blast  parameters  from  cylindrical  coaposition  B surface 
hursts  and  elevated  detonations  were  a»asured  and  used  for  tvaluaUng 
shape  and  elevation  effects- 

Eiqrlosives 

The  e«^iosives  used  in  testing  were  cast  coaposition  B beaispheres, 
spheres,  cad  cylinders  (L/D  « t)  and  rigid  plastic  cylindrical  containers 
of  jqi  RDX  slurry  (RDX  in  s solution  of  BOX  acetic  acid,  382  water,  sad 
2X  nitric  acid).  Dlairasioni.  nod  weights  are  shown  in  Figure  i.  Table  2 
also  details  the  variation  in  the  slurry  dlasnsloos,  and  Figure  2 shows 


the  two  sizes  of  ROX  slurry  containers.  Charge  weights  were  taken  and 
marked  on  the  charge  by  tlie  manufactur  *.  Charge  weight  variation  of 
llie  composition  B was  insignificant  (tess  than  17!).  Variation  of  tlie 
ROX  slurry  weights  and  dimensions  was  significant.  Ti«e  thickness  of  the 
settled  RL'X,  which  solidified  at  the  bottom  of  the  container,  varied 
linearly  along  diameters  through  the  center  of  ttie  ROX  disc.  This  resulted 
when  the  manufacturer  did  n,.t  place  the  charges  perfectly  vertical  in 
their  shipping  barrels.  The  weight  variation  can  be  allowed  for  with 
scaling,  but  the  variation  in  thickness  of  tiie  ROX  disc  at  tiie  bottom 
of  the  container  definitely  contributed  to  greater  scatter  of  the  ROX 
:lurry  test  d^ta. 

The  composition  B charges  were  cast  and  machined  to  accept  an  Engineers 
Special  (J2)  blasting  cap.  The  spherical  charge  was  cast  writh  a 22*gram 
spherical  pentolite  booster  centered  in  the  sphere.  Charge  weights  sho%m 
in  Figure  1 do  not  include  tite  weight  of  the  booster  charge  or  blasting 
cap  except  for  the  spherical  charge  which  was  weighed  with  the  booster 
in  place.  The  composition  B charge  wighta  in  E'i'.  nrt  l v.»  rf  fn  •.  ■.inn,-. 

However,  the  tOO«gram  booster  of  C4  used  with  the  ROX  slurry  charges  was 
added  to  the  ROX  weight  wiien  analyzing  those  results. 

The  composition  B hemispheres  and  splieres  were  cast  by  the  Haval 
Ordnance  Laboratory  (NOL).  Silver  Spring,  >10.  The  composition  B cylinders 
were  cast  and  machined  bv  and  by  the  Naval  Weapons  Center,  China  Lake, 
CA.  Holston  Army  Artnunition  Plant  made  up  tiM>  ROX  slurry  citarges  with 
slurry  taken  directlv  from  civ>ir  manufacturing  tinks. 

Test  Site 

Testing  was  conducted  at  the  Pacific  Missile  Range,  Point  7higu,  CA. 
Three  gage  lines,  each  originating  at  ground  zero,  were  placed  at  90 
degrees  to  each  other.  The  ground  surface,  along  each  gage  line,  was 
leveled  and  covered  out  to  a range  of  ^2  feet.  Ute  first  10  feet  of  the 
lines,  except  for  the  surface  at  ground  zero,  was  covered  with  4>foot* 
wide  by  1/4*inch*il>ick  steel  plate.  From  10  to  ^2  feet,  lines  were 
covered  with  )/4«tnch  plywood.  Pressure  transducers  were  located  ow  each 
line  at  2,  4,  8,  18,  32,  and  30  feet  from  grwmd  zero.  Each  transducer 
vns  mounted  in  a steel  Jacket  encased  in  1 cubic  foot  of  concrete.  The 
concrete  block  vuh  buried  so  that  the  pressure  gage  was  flush  w3th  the 
ground  surface.  Figure  ) shows  a gage  line  and  a typical  |age  mount. 

Atmospheric  conditions  at  the  site  were  ohtaind  fron  the  ^teorolof^ 
Section  of  the  Pacific  Missile  Range,  iaronetrle  pressure,  temperature, 
wind  speed,  and  wind  direction  are  noted  hourly  from  a station  within 
800  yards  of  our  test  site.  Meteorological  data  waa  Included  in  tb  compt^er 
printout  of  each  pressure  record. 

Instrumentation 

Pietoresi stive  pressure  transducers  manufnetured  by  lyco  Instrument 
Division  of  Bytreg,  tnc.  were  used.  The  RFC  series  ^ge  used  is  soeeillcally 
designed  to  neasure  blast  phenomena  in  a field  test  sltustiom.  The  gage  Is 


s«ppU«d  with  «t  integral  and  dobris  shiald  with  aighr.  equally  spaced 
holes  of  O.ObO*iiieh  diaaeter  leadioK  to  the  gage  diiiphvagn.  Ihm  filter 
provides  a cylindrical  air  space  abosw  the  diaphragn  of  0.010  inch.  The 
dianeter  of  the  i^ace  varies  with  the  pressure  tenge  of  the  gage.  Gages 
designed  to  neasure  pe^  pressures  of  1$.  25,  100*  200,  300,  and  1,000 
psi  were  placed  along  the  gaiee  line  in  accordance  with  the  predicted 
pressure  at  the  nafce  location.  Cages  were  statically  pracalibrated  with 
air  pressure  at  idiout  the  level  of  the  anticipated  peak  shock  preaaure. 
Instrunent  cables  were  burled  for  protection.  According  equipnent  was 
housed  in  a hardened  instrunent  van  located  30  feet  fron  gitrmd  aero,  (t:  . 
vna  was  originally  located  300  feet  fron  ground  aero  for  the  noninal  20^ 
kha  recording  systen,  but  was  aowd  when  the  recording  svi^ten  capabi  ly 
wsaa  increased  to  a naninal  40  kha.) 

In  the  beginning  of  the  test  progrsn  a noninal  20*kHa  recordiu^ 
systen  was  used.  Tkts  syst«a  coosisted  of  Endevco  Models  4401  and  4470 
signal  conditioners,  Dana  HmHoIs  30S0V2  and  4472-6  amplifiers,  and  a 
Sangano  Saber  4 tape  recerdar  at  60  tps.  This  systen  was  used  for  the 
hanispharical  conpositlon  B taata,  the  kDS  slurry  tests,  and  a portion 
of  the  elovatad  conposition  B cylinder  tests  (Table  1 shows  the  recording 
systen  used  in  each  test). 

A noninal  40«kHa  recording  systen  was  used  for  the  renainlng  tests. 
This  systen  substituud  Hitmeapolis-Hooeywell  Model  104  aaplifiers  and 
increased  the  recording  cape  speed  to  120  ips. 

The  FM  signal  data  was  digitiaad  by  the  data  reduction  facility 
at  fh#  Pacific  Missile  Baage.  The  2Q*klla  pressure-tUM  date  «»a  digttired 
at  140  saaples  per  ntUisecond  (6.23  ntcroseconds  per  data  point).  The  40* 
kHz  data  digitising  rate  was  doubled  to  320  saaples  per  nilUseccmd  (3.123 
eicroseconds  psr  data  point). 

Test  Procedure 

The  test  charge  wa*  centered  on  or  over  ground  sera  as  shown  in 
figure  4,  Charts  placed  at  ground  level  were  positioned  on  a renlaeeable 
4*inch*tHlck  steel  plate,  figure  4a  shows  a heirt^herleal  eharge  in  place 
on  the  steel  plate.  Elevated*  charges  were  placed  on  a platfon  consisting 
of  weuden  slats  spanning  styrofoM  cups,  figure  lH  ghaws  tly^  sinple  support 
for  a cylindrical  conposition  B eharge,  and  figure  4h  shows  the  three- 
sided  support  for  a hMvter  MIX  slurry  charse.  The  center  cup  in  figure  4h 
Is  lupportlng  a 100-gran  C4  booster  charge,  the  hlattiag  cap,  watch  fg  not 
visible,  was  inserted  throuih  the  cup  and  into  the  C4. 

Each  charge  was  detonated  hy  an  engineers  special  J2  hlastfnt  ^ap 
(Mavy  Aanunltloo  »tock  fSM  Mo.  t)73-02B«3223/4  Ml  30)  with  a nain  charge 
of  0.94  gran  of  KTM.  An  additional  boostet  charge  wm  used  tor  each 
ei^lostse  as  shuwn  in  flfpire  t.  The  hea^spherlcal  and  cylindrical 


* Cylinders  were  elevated  ^ radii  (ground  level  to  cea4er  of  gravitylt 
eoapeattlan  I spheres  were  ele^ed  ) radii  of  a cylinder  at  the  sane 
uei^i  the  nk  stwr  / was  elevated  I radii  of  a «^er»  of  the  sane 
wel|^  (>*3/19  nod  6-3/f  laches  for  the  i aad  S-1/2-lnch  c.satMners, 
respeettseiy,  gtouad  level  to  bottao  of  caatainer). 
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;al  Dimensions  of  Encased  C; 
utry  Charges 


Weight  (lb) 

L. 

Average  Height 

RDX^ 

Slurry 

of  RDX 
(in.) 

8 

-1 /2-Inch-Diameter  Container 

3.5 

21.1 

2-1/16 

3.6 

21.4 

2 

3.6 

21.5 

2 

3.5 

20.8 

2 

3.5 

20.8 

2 

3.6 

21.4 

2-1/16 

3.6 

21.6 

2-1/16 

3.1 

18.5 

1-13/16 

3.6 

21.6 

2-3/16 

3.5 

21.0 

2-3/16 

3.3 

19.6 

2-3/16 

7 -Inch -Diameter  Container 

1.9 

11.3 

1-5/8 

1.9 

11.1 

1-7/16 

1,8 

10.6 

1-7/16 

1.8 

10.8 

1-7/16 

1.8 

11.0 

1-1/2 

2.0  - 

11.9 

1-13/16 

1.9 

11.3 

1-5/8 

2.1 

1,9 

1-3/4 

1-9/16 

1.9 

11.4 

1-5/8 

9 

10 

10 

9-1/2 

10 

9-1/2 

8-3/4 

10 

1C  1/2 
9 


7 

6-3 
6-1 
6-3 

6- 7/8 

7- 1/2 

6- 7/8 

7- 7/8 
6-3/4 
7 


g 

i 


supplied  with  an  Integral  heat  and  debris  shield  with  eight  equally  spaced 
holes  of  0.040-inch  diameter  leading  to  the  gage  diaphragm.  The  filter 
provides  a cylindrical  air  space  above  the  diaphragm  of  0.010  inch.  The 
diameter  of  the  space  varies  with  the  pressure  range  of  the  gage.  Gages 
designed  to  neasure  peak  pressures  of  15,  25,  100,  200,  500,  and  1,000 
psi  were  placed  along  the  gage  line  in  accordance  with  the  predicted 
pressure  at  the  gage  location.  Gages  were  statically  precalibrated  with 
air  pressure  at  about  the  level  of  the  anticipated  peak  shock  pressure. 
Instrument  cables  were  burled  for  protection.  Recording  equipment  was 
housed  in  a hardened  instrument  van  located  50  feet  from  ground  zero.  (The 
van  was  originally  located  300  feet  from  ground  zero  for  the  nominal  20- 
kHz  recording  system,  but  was  moved  when  the  recording  system  capability 
was  Increased  to  a nominal  40  kHz.) 

In  the  beginning  of  the  test  program  a nominal  20-kHz  recording 
system  was  used.  This  system  consisted  of  Endevco  Models  4401  and  4470 
signal  conditioners,  Dana  Models  3850V2  and  4472-6  amplifiers,  and  a 
Sangamo  Saber  4 tape  recorder  at  60  ips.  This  system  was  used  for  the 
hemispherical  composition  B tests,  the  RDX  slurry  tests,  and  a portion 
of  the  elevated  composition  B cylinder  tests  (Table  1 shows  the  recording 
sysf^m  used  in  each  test). 

. I'l  minal  40-kHz  recording  system  was  used  for  the  remaining  tests. 
This  system  substituted  Minneapolls-Honeywell  Model  104  amplifiers  and 
Increased  the  recording  tape  speed  to  120  ips. 

The  FM  signal  data  was  digitized  by  the  data  reduction  facility 
at  the  Pacific  Missile  Range.  The  20-kHz  pressure-time  data  was  digitized 
at  160  samples  per  millisecond  (6.25  microseconds  per  data  point).  The  40- 
kHz  data  digitizing  rate  was  doubled  to  320  samples  per  millisecond  (3.125 
microseconds  per  data  point). 

Test  Procedure 

The  test  charge  was  centered  on  or  over  ground  zero  as  shown  in 
Figure  4.  Charges  placed  at  ground  level  were  positioned  on  a replaceable 
4-inch-thick  steel  plate.  Figure  4a  shows  a hemispherical  charge  in  place 
on  the  steel  plate.  Elevated*  charges  were  placed  on  a platform  consisting 
of  wooden  slats  spanning  styrofoam  cups.  Figure  3b  shows  the  simple  support 
for  a cylindrical  composition  B charge,  and  Figure  4b  shows  the  three- 
sided  support  for  a heavier  RDX  slurry  charge . The  center  cup  in  Figure  4b 
is  supporting  a 100-gram  C4  booster  charge.  The  blasting  cap,  which  is  not 
visible,  was  Inserted  through  the  cup  and  into  the  C4. 

Each  charge  was  detonated  by  an  engineers  special  J2  blasting  cap 
(Navy  Ammunition  Stock  FSN  No.  1375-028-5225/4  Ml 30)  with  a main  charge 
of  0.94  gram  of  PETN.  An  additional  booster  charge  was  used  for  each 
explosive  as  shown  in  Figure  1 . The  hemispherical  and  cylindrical 


* Cylinders  were  elevated  3 radii  (ground  level  to  center  of  gravity); 
composition  B spheres  were  elevated  3 radii  of  a cylinder  of  the  same 
weight;  the  RDX  slurry  was  elevated  3 radii  of  a sphere  of  the  same 
weight  (5-3/16  and  6-5/8  Inches  for  the  7 and  8-1 /2-inch  containers, 
respectively,  ground  level  to  bottom  of  container). 
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composition  B used  boosters  of  1/4-  by  1 /4-inch  cylindrical  PBXN-5  pellets 
(about  5 grams)  between  the  charge  and  the  blasting  cap.  A 22-gram  spher- 
ical pentolite  booster  was  cast  with  the  spherical  charges.  A 100-gram 
truncated  cone  of  C4  booster  was  centered  against  the  bottom  of  the  RDX 
slurry  containers  as  shown  in  Figure  4b. 

A programmable  sequence  control  timer  activated  the  recording  equip- 
ment and  detonated  the  charge.  Quick-look  data,  provided  by  an  oscillograph 
plotted  after  each  test,  allowed  correction  of  instrumentation  problems 
and  evaluation  of  results  before  continuing  the  test  program. 


DATA  ANALYSIS 

A typical  computer  printout  of  a pressure -time  and  impulse -time  data 
plot  is  displayed  in  Figure  5.  Peak  pressure  and  maximum  impulse  were 
taken  directly  from  this  plot  of  the  digitized  data.  Positive  phase  dura- 
tion was  found  for  gages  at  ranges  of  8 feet  or  further  by  taking  the 
difference  between  the  times  to  peak  pressure  and  peak  impulse.  This 
was  possible  since  the  peak  pressure  was  alv^ays  the  first  pressure  spikt 
and  the  initial  rise  time  was  small  compared  to  the  positive  phase  duration 
at  these  gage  locations.  At  gages  2 and  4 feet  from  the  charge  the  positive 
phase  was  scaled,  from  the  digitized  plot,  between  the  start  of  the  lead- 
ing edge  of  the  pressure  curve  and  the  time  of  maximum  impulse. 

Gages  at  ranges  of  16,  32,  and  50  feet  generally  exhibited  overshoot 
due  to  ‘‘ringing”  of  the  gage  diaphragm  whose  natural  frequency  was 
nearly  that  of  the  pressure  loading.  The  positive  phase  duration  at  these 
ranges  was  long  enough  so  that  an  exponential  curve  could  be  fitted  through 
the  average  of  the  data  points  to  obtain  the  correct  peak  pressure.  Since 
large  segments  of  the  exponentially  decaying  curve  will  plot  as  a straight 
line  on  a log  pressure-versus-tirae  plot  [4]  these  curves  were  also  con- 
structed in  some  cases  to  aid  in  curve  fitting.  Figure  6 shows  the 
pressure -time  plot  and  a log  pressure-time  plot  for  the  same  record.  The 
peak  pressure  determined  from  interpretation  of  these  plots  is  marked  on 
each  sheet.  The  log  pressure  plot  flattens  and  straightens  the  slope  of 
the  fitted  curve  and,  thus,  allows  for  better  and  more  consistent  peak 
pressure  analysis  of  ‘‘ringing”  gages.  Since  the  ‘‘ringing”  was  balanced 
around  the  average  pressure-time  plot,  there  was  no  need  to  correct  the 
impulse  data.  Positive  phase  duration  was  unaffected  by  ‘‘ringing.” 

The  air-blast  parameters  of  peak  pressure  and  scaled  unit  impulse 
and  scaled  positive  phase  duration  are  tabulated  in  Tables  3 through  10. 

In  general  the  data  averages  in  Tables  3 through  8 are  averaged  from  six 
readings.  Values  in  Table  9 are  the  averages  of  four  readings.  Values  in 
Table  10  for  the  2.1 -pound  charges  are  averaged  from  18  readings  and 
those  for  the  3. 7 -pound  charges  are  averaged  from  20  readings.  The  values 
in  parentheses  in  these  tables  are  one  standard  deviation  of  the  data 
values  used  to  calculate  the  average. 

Testing  was  done  at  sea  level  and  meteorological  records  were  kept. 
However,  scaling  to  sea  level  conditions  !5]  was  not  necessary  because 
the  corrections  would  have  been  small  compared  to  the  standard  deviation 
of  the  data  points. 
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Table  3.  Average  Shock  Wave  Parameters  for  Hemispherical 
Composition  B Surface  Burst  on  Sand 


Charge 

Weight', 

W 

(lb) 

Scaled 

Distance, 

(ft/lb^/3) 

**so 

(psl) 

(psi-msec/lb^ /^) 

(msec /lb 

2.02 

177  (14  ) 

16.0  (1.2  ) 

0.28  (0.03) 

4.03 

52.4  ( 5.1  ) 

13.0  (0.5  ) 

1.07  (0.17) 

8.02 

13.9  ( 0.5  ) 

8.20  (0.17) 

2.14  (0.21) 

1 *u 

16.0 

3.75  ( 0.16) 

4.C3  (0.13) 

3.09  (0.13) 

32.1 

1.33  ( 0.04) 

2.25  (0.03) 

3.75  (0.20) 

50.0 

1 

0.87  ( 0.04) 

1.55  (0.03) 

4.23  (0.19) 

I 

1.41 

1 359  (74  ) 

14.4  (1.0  ) 

0.17  (0.01) 

2.81 

1 99.2‘  (14.7  ) 

16.9  (0.8  ) 

0.87  (0.30) 

5.59 

: 28.3  ( 2.6  ) 

10.6  (0.7  ) 

1.69  (0.25) 

' 11.2 

7.13  ( 0.36) 

6.51  (0.16) 

2.49  (0.09) 

22.4 

2.36  (0.11) 

3.19  (0.06) 

3.24  (0.06) 

34.9 

1.45  ( 0.09) 

2.25  (0.06) 

3.88  (0.03) 

Table  4.  Average  Shock  Wave  Parameters  for  Hemisi.herical 
Coirposition  B Surface  Burst  on  Steel  Plate 


Charge 
Weight , 
W 

(lb) 

Scaled 
Distance . 
Z 

(ft/lb’ /3) 

^so  • 
(p«5l) 

ig/wl/3 

(psi-msec/lb^ ' ^) 

to/w1/3 

(msec/lb^ 

2.02 

242  (17  ) 

17.7  (2.3  ) 

0.32  (0.07) 

4.03 

67  (16  ) 

16. 0« 

0.91  (0.11) 

1 n 

8.02 

16.7  ( 1.4  ) 

9.71  (0.39) 

2.82  (0.07) 

1 • w 

16.0 

4.79  ( 0.32) 

5.23  (0.24) 

3.75  (0.15) 

. 32.1  ' 

1.45  ( 0.08) 

2.41  (0.07) 

4.46  (0.25) 

50.0  .. 

0.88  C 0.09) 

1.64  (0.08) 

5.17  (0.10) 

1.41 

388  (58  ) 

18.5  (0.9  ) 

0.17  (0.04) 

2.81 

151  (12  ) 

21.3  (4.4  ) 

1.12  (0.31) 

5.59 

31.3  ( 4.6  ) 

12.8  (0.6  ) 

2.41  (0.14) 

^ • 7 3 

11.2 

8,40  ( 0.70) 

7.32  (0.30) 

3.28  (0.08) 

22.4 

2.50  ( 0.15) 

3.47  (0.14) 

3.79  (0.59) 

34.9 

1.43  ( 0.08) 

2.34  (0.16) 

4.67  (0.25) 

Average  of  only  two  good  measurements. 
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Table  5.  Average  Shock  Wave  Parameters  for  Spherical 
Composition  B Surface  Burst 


Charge 

Weight, 

w 

(lb) 

Scaled 

Distance, 

(ft/lb^/^) 

^so 

(psl) 

^s'**  1/3 

(psi-msec/lb  ^) 

t /w''5 

(msec/lb  ' ^) 

2.00 

468  (102  ) 

19.9  (3.2  ) 

0.12  (0.01) 

3.95 

112  ( 5 ) 

23.8  (1.0’) 

2.01  (0.25) 

7.85 

19.5  ( 1.4  ) 

10.8  (1.2  ) 

1.96  (0.24) 

I • C / 

: 15.6 

4-99  ( 0.32) 

5.50  (0.13) 

3.01  (0.13) 

31.4 

1.59  { 0.03) 

2.55  (0.15) 

3.68  (0.07) 

48.9 

“ 0.83cr(,  0.03) 

1.47  (p.09) 

4.41  (0.31) 

1.47 

480  (103  ) 

13.8  (G.Si)  ' 

0.09  (0.01) 

2.90 

279  ( 51  ) 

40.9  (2.6  ) 

1.26  (0.16) 

0 C.Ck 

5.77 

39.0  ( 6.2  ) 

14.1  (1.4  ) 

1.34  (0.15) 

11.5 

8.29  ( 0.39) 

7.30  (0.16) 

2.48  (0.30) 

22.6 

2.57  ( 0.10) 

3.49  (0.23) 

3.50  (0.44) 

■ i 

i 36.0 

1.32  ( 0.11) 

2.08  (0.16) 

4.13  (0.23) 

Table  6,  Average  Shock  Wave  Parameters  for  Cylindrical 
Compositioi;  B Surface  Burst 


Charge 
Weight , 
W 

(lb) 

Scaled 

Distance, 

(ft/lb^/^) 

^so 

(psl) 

^s'^  1/3 

(psi-msec/lb 

t /w’'^ 
'•o' , 1/3 

(msec/lb 

1.79 

725 

(119  ) 

25.9 

(3.2  ) 

0.09 

(0.01) 

3.54 

14fi 

( 

13.2  ) 

28.7 

(3.7  ) 

0.91 

(0.13) 

1 /i  Q 

7.03 

?.1 .9 

( 

4.6  ) 

11.0 

(1.3  ) 

1.44 

(0.18) 

1 • *(  7 

14.0 

5.62 

( 

0.63) 

5.70 

(0.15) 

3.70 

(0.46) 

28.1 

1.68 

( 

0.12) 

2.89 

(0.19) 

4.18 

(0.41) 

43.8 

0.86 

( 

0.05) 

1.81 

(0.15) 

4.80 

(0.38) 

1.41 

921 

(130  ) 

22.6 

(2.2  ) 

0.08 

(0.01) 

2.79 

289 

( 

28.8  ) 

40.8 

(5.5  ) 

0.87 

(0.11) 

5.55 

47.8 

( 

2.2  ) 

16.2 

(1.8  ) 

1.33 

(0.18) 

J • U J 

11.1 

9.77 

( 

1.02) 

6.60 

(0.10) 

3.02 

(0.88) 

22.2 

2.39 

( 

0.13) 

3.38 

(0.59) 

4.35 

(0.71) 

34.6 

1.18 

( 

0.11) 

2.26 

(0.28) 

4.73 

(0.46) 

Table  7.  Average  Shock  Wave  Parameters  for  Elevated‘S 
Spherical  Composition  B 


Charge 
Weight , 
W 

(lb) 

Scaled 

Distance, 

^ 1/3 
Ift/lb^'-*) 

^so 

(psl) 

i V'’ 

1/3 

(psi-msec/lb  ) 

(msec /lb 

2.00 

b 

26.8  (5.0  ) 

0.32  (0.14) 

3.95 

95^ 

17.0  (2.0  ) 

0.80  (0.14) 

1 H7 

7.85 

20.6  (2.2  ) 

10.9  (1.7  ) 

2.03  (0.47) 

15.6 

4.83  ( 0.37) 

5.46  (0.10) 

3.13  (0.39) 

31.4 

1.61  ( 0.12) 

2.59  (0.15) 

3.57  (0.21) 

1 

48.9 

0.84  ( 0.09) 

1.50  (0.12) 

4.50  (0.28) 

1.47 

h 

21.8  (3.3  ) 

0.17  (0.07) 

2.90 

187  (14  ) 

31.6  (4.1  ) 

1.11  (0.34) 

9 AQ 

5.77 

40.7  ( 9.5  ) 

13.6  (2.3  ) 

1.71  (0.10) 

11.5 

8.86  ( 0.40) 

7.17  (0.14) 

2.33  (0.11) 

22.6 

2.60  ( 0.31) 

3. ■'9  (0.22) 

3.21  (0.18) 

36.0 

1.28  ( 0.13) 

2.J2  (0.16) 

3.84  (0.08) 

Elevated  so  that  center  of  gravity  of  sphere  at  same  elevation  as 
cylinder  of  same  weight  elevated  at  3 radii  (4.1  and  5.9  inches 
for  1.07-  and  2.69-pound  charges,  respectively). 

Peak  pressure  attenuated  by  instrumentation  limits. 

One  measurement. 


Table  8.  Average  Shock  Wave  Parameters  for  Elevated  Cylindrical 
Composition  B (40-kHz  Recording  System) 


Charge 

Weight, 

W 

(lb) 

Scaled 
Distance , 

(ft/lb^^^) 

^so 

(psi) 

Is'’*'  1/-1 

(psi-msec/lb 

t /W^ 

^O'*'  1 /I 

(msec/lb 

1.79 

663  ( 78  ) 

29.4  (2.4  ) 

0.19  (0.07) 

3.54 

112  ( 9.8  ) 

23.3  (1.4  ) 

1.25  (0.09) 

1 AO 

7.03 

34.5  ( 4.3  ) 

12.2  (1.0  ) 

1.50  (0.12) 

14.0 

5.82  ( 0.20) 

6.01  (0.13) 

4.16  (0.10) 

28.1 

1.65  ( 0.09) 

2.97  (0.27) 

4.45  (0.61) 

43.8 

0.85  ( 0.09) 

1.79  (0.15) 

5.25  (0.11) 

1.41 

1,213  (143  ) 

25.7  (3.0  ) 

0.13  (0.02) 

2.79 

223  ( 21  ) 

28.0  (2.3  ) 

0.90  (0.30) 

5.55 

49.2  ( 1.7  ) 

14.6  (1.5  ) 

1.06  (0.20) 

3.03 

11.1 

9.19  ( 0.41) 

7.19  (0.17) 

3.68  (0.17) 

22.2 

2.49  ( 0.07) 

3.66  (0.33) 

4.29  (0.35) 

34.6 

1.23  ( 0.12) 

2.28  (0.21) 

4.98  (0.22) 
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Table  10.  Average  Shock  Wave  Parameters  for  Elevated 
RDX  Slurry  in  Cylindrical  Containers 


Average  weight  of  nine  test  samples  includes  weight  of 
composition  C4  booster.  Value  in  parentheses  is  one 
standard  deviation. 


Average  scaled  distances  shown.  Actual  scaled  distances 
varied  with  charge  weight.  Standard  deviation  is  less 
than  2T  of  average. 


Surface  Burst  Data 

Hemispherical  Composition  B and  Ground  Effect.  Peak  pressure  and 
scaled  unit  impulse  results  from  hemispherical  composition  B surface 
bursts,  tabulated  in  Tables  3 and  4,  are  plotted  in  Figures  7 and  8. 

Peak  pressure  data  points  are  shown  with  the  relationship  for  a TNT  heai* 
spherical  surface  hurst  (1  and  A],  The  tests  conducted  on  a sand  surface 
are  generally  lower  than  these  detonated  over  a steel  plate.  This  effect 
diminishes  as  the  scale  distmee  (S)  increases  and  is  insignificant  for 
Z greater  than  20  ft/lb'*^. 

The  same  effect  is  also  apparent  in  the  iapulse  data  (ate  Figure  4) 
in  which  the  effect  of  the  sand  surface  is  to  r^uce  the  scaled  unit 
iapulse  over  the  entire  range  of  aeasured  valuta.  The  greatest  effect 
is  again  at  the  closest  rsnges. 

Because  the  sand  surface  obviously  reduced  the  air  blast  output 
significantly  It  was  decided  that  all  subsequent  surface  burst  tests 
would  be  conducted  on  a stiff  steel  plate. 


The  peak  pressure  output  of  the  coavosition  B (on  a steel  plate) 

Is  virtually  the  sane  as  that  for  a similar  TNT  charge  to  a scale  distance 
within  3 ft/lb^/^  of  the  charge.  Inside  this  scale  distance  the  reduced 
values  fron  our  tests  of  the  cogq>osltion  B are  anst  likely  due  to  linita* 
tions  in  the  nominal  20  kHz  pressure  recording  system.  Because  of  this 
attenuation  in  peak  pressure,  a nominal  40  kHz  ve:crding  system  was 
installed  for  subsequent  tests  (see  Table  1 for  the  recording  system 
used  in  each  test  series). 

Scaled  impulse  data  usually  shows  more  scatter  than  peak  pressure 
data.  A conq>arison  of  composition  B hemispherical  surface  burst  data 
(on  a plate)  and  two  sources  of  TNT  data  for  similar  conditicms  FI,  6]  is 
of  interest  in  Figure  8.  Our  test  results  for  composition  B show  good 
agreement  with  those  of  Kingery  F6]  who  gives  measurements  of  air  blast 
fron  5,  20,  100,  and  SOO^ton  TNT  hemispherical  surface  bursts.  The  largest 
discrepencles  occur  at  scaled  distances  less  than  3 ft/lb^'^  where  the 
peak  pressures  were  attenuated  by  our  recording  system. 

Positive  phase  durations  fron  the  composition  B tests  and  from 
References  1 and  5 are  compared  in  F^ures  17  and  13.  The  large  scatter 
in  our  test  data  around  Z • 4 ft/lb^^^,  which  shows  in  the  standard  devla* 
tion  and  in  the  erratic  data  points,  is  due  to  the  definition  of  the 
^sitive  phase  used  in  evaluating  our  data.  Since  the  positive  phase 
was  taken  to  the  tine  of  the  peak  iaq>ulse,  it  sometimes  was  extended 
by  low  pressure  reflection  waves.  Inspection  of  Figure  5 will  show  a 
second  rise  in  the  impulse  curve  due  to  a pressure  spike  at  about  6.8 
milliseconds  elapsed  time.  In  some  cases  (especially  at  R ■ 4 feet)  this 
pressure  spike  caused  the  second  impulse  peak  to  be  higher  than  the  first 
peak  and  extended  the  positive  phase  duration.  Again,  the  data  values 
compare  better  with  Reference  6 than  Reference  1. 

Spherical  Co|yo8ition  B«  Peak  pressures,  scaled  unit  iapulaes  and 
scaled  positive  phase  durations  for  spherical  coag>osition  B surface  bursts 
are  tabulated  in  Table  5.  The  peak  pressure  data  is  coapared  in  Figure  9 
to  large  TNT  test  data  from  Distant  Plain  Event  6 (7)  and  Prairie  Flat 
>8,  9|.  Curves  from  the  TNT  tests  had  been  adjusted  to  sea  level  conditions. 
The  40*kHs  recording  system  appears  to  increase  the  acceptable  range 
of  the  instrumentation  to  300  psi  (from  130  pst  for  the  20*klls  system). 

Belov  300  psi  the  peak  pressures  from  the  spherical  composition  B tests 
fall  on  one  or  the  other  of  the  referenced  spherical  TIfT  data. 

A best  fit  curve  has  been  drawn  through  the  spherical  composition  B 
peak  pressure  data  and  compared  to  hemispherical  data  in  Figure  10.  As 
expected  the  sptik^rical  pnak  pressures  ere  higher  than  ttose  of  the  hentsph- 
erieal  charges  et  seeled  distmnees  less  than  13  ft/lb*'^.  This  figure 
will  else  be  used  to  determine  shepe  equivalency. 

Seeled  impulse  results,  in  Table  3,  are  plotted  in  Figure  11.  A 
snooth  curve  him  been  drawn  through  the  conposition  B teat  data  for  coapar- 
ison  with  the  large  scale  TNT  data  from  Distent  Plain,  Event  6 (100- 
tee  spherical  TIfT  surfaea  burst).  Another  TNT  ierge*scale  surface  berst. 
Operation  Fratria  Flat,  is  shown  in  (§1  to  be  in  generei  agreement  with 
Distent  Plain  althoui^  it  is  somewhat  lowar  at  the  larger  scale  distances 
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(which  puts  it  closer  to  the  c(»|>ositioii  B test  data).  Considering  the 
scatter  between  like  tests  of  large  TNT  spheres  the  conposltion  B spherical 
surface  burst  data  agrees  quite  wll  tdth  results  froa  spherical  TNT 
tests. 

Positive  phase  duration  data  points  froa  the  coaposition  B tests 
are  plotted  and  conpared  to  results  froa  TNT  tests  in  Figute  17.  Tlie 
composition  B data  is  lower  at  tlie  larger  scale  distances  and  iiigher 
at  one  point  near  4 ft/lh^/^  scaled  distance.  The  differences  are  s'lsall 
considering  the  small  effect  on  the  design  loading  that  they  would  have. 

Cylindrical  Coayosition  B.  Peak  pressures,  scaled  unit  impulses 
and  positive  phase  durations  for  cylindrical  surface  bursts  are  given 
in  Table  6.  Average  peak  pressures  are  plotted  in  Figure  12  and  connected 
with  a smooth  curve.  The  relationship  for  a hemispherical  TNT  surface 
burst  M]  is  also  shown  for  comparison  when  shape  equivalencies  are  calcu* 
lated.  The  tabulated  values  for  pressures  above  300  psi  (Z  less  than  2.8) 
were  not  plotted  since  the  data  acquisition  system  (nominal  40  kHs)  %ias 
attenuating  the  peaks  in  that  range. 

Peak  scaled  unit  impulses  are  plotted  and  connected  with  a smooth 
curve  in  Figure  13.  Values  are  also  shown  for  gages  that  had  attenuated 
the  peak  pressure,  since  the  effect  on  impulse  would  be  much  less  than 
that  on  peak  pressure. 

Scaled  unit  positive  phase  durations  are  plotted  in  Figure  IS.  The  . 
relationship  for  a TNT  hemispherical  surface  burst  from  Reference  1 is 
included  for  comparison. 

Effect  of  Small  Heights  of  Burst 

The  RDX  slurry  tests  had  originally  been  detonated  at  small  elevations 
to  reduce  cratering  and  si«q>lify  the  test  setup.  They  were  to  be  compared 
directly  to  TNT  spheres  at  the  same  elevation  until  improper  detonation 
of  the  TNT  charges  made  that  impossible.  Composition  B cylinders  and 
spheres  were  detonated  at  small  heights  of  burst  to  see  how  the  results 
differed  from  those  of  surfMe  bursts.  The  cylinders  were  elevated  3 
radii  (ground  surface  to  center  of  gravity  of  charge)  and  the  spheres 
3 radii  of  a cylinder  of  the  same  weight.  Table  1 summarises  the  heights 
of  burst  for  the  different  charges.  Tables  7 and  8 summartae  the  results 
for  the  spheres  and  cylinders,  respectively. 

Peak  pressures  and  scaled  unit  impulses  for  the  elevated  spheres 
and  cylinders  are  compared  in  Figure  14.  Data  points  from  the  elevated 
tests  are  plotted  with  the  best  fit  curves  from  the  surface  burst  tests. 

Small  differences  in  peak  pressure  occur  at  levels  above  100  pst  with 
the  elevated  results  being  slightly  lower.  Elevating  the  charges  appeared 
to  reduce  the  peak  that  ocews  im  the  t^iulse  relationship  at  a scaled 
distance  of  about  3 ft/lb*'^. 

Changes  im  <tc^ed  positive  phase  durmtiom  also  occur  at  scaled  distances 
less  than  3 ft/lh^'',  as  cam  be  sn^  by  inspect ioa  of  Titles  0 and  8. 

At  Scaled  dtsiances  less  than  I ft/lb**^,  the  duration  increased  signif* 
icantly.  (It  should  he  noted  that  the  distances  used  were  measured  along 
the  ground  Mrfnce  and  were  not  slant  dtstsnces  from  the  center  of  the 
charge.) 
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The  Uata  shown  in  Table  9 is  for  elevatC'^  cylinders.  It  was  run 
at  the  beginning  of  the  teat  progran  along  %dth  the  TNT  spheres  (that 
exhibited  poor  detonation  and  are  not  shown)  and  the  NDX  slurry.  Subse> 
quent  to  those  tests  the  test  plan  was  chan^  to  increase  the  response 
of  the  recording  system.  Since  the  elevaiced  cylinder  tests  were  essentially 
repeated  (see  T-^ble  8)  with  a better  instrumentation  system  the  data 
in  Table  9 is  not  used  in  the  data  plots.  It  is  included,  however,  to 
show  that  it  differs  only  slightly  from  the  latter  data  to  lend  credence 
to  the  RDX  slurry  results  from  the  same  20-kHs  recording  system. 

RDX  Slurry 

Peak  pressures,  scaled  unit  impulses  and  positive  phase  durations 
from  the  RDX  slurry  tests  are  suamarixed  in  Table  10.  Peak  pressure 
data  values  are  plotted  and  connected  with  a smooth  curve  in  Figure  IS. 

Peak  pressures  above  200  psl  were  not  used  because  of  the  limitations 
of  the  instrumentation  above  this  level.  Some  reduction  in  peak  pressure 
(from  that  of  a surface  burst)  can  also  be  expected  above  100  psi,  since 
the  charges  were  elevated  (see  previous  section).  The  TKT  surface  burst 
curve  for  a hemisphere  M]  is  also  shown  for  comparison  and  for  use  in 
figuring  an  equivalency. 

Peak  scaled  unit  impulse  values  are  plotted  in  Figure  16.  The  signif* 
leant  feature  of  the  curve  is  that  it  shorn  no  peak  near  a scaled  distance 
of  3 ft/lb^'^  as  did  the  other  tested  charges.  Instead  it  conticues  to 
rise  at  a reduced  rate. 

Scaled  positive  phase  duration  for  the  RDX  slurry  is  plotted  in 
Figure  >8  with  the  relstionship  for  a TNT  hemispherical  surface  burst 
*1)  for  comparison. 

Three-UsU  Cubicle  Effects 

Peak  pressure,  scaled  impulse,  md  scaled  duration  data  around  a 
three-wall  cubicle  were  obtained  from  1 -pound  ^^heres  and  cylinders  and 
2.63-poued  spheres  centered  in  the  cubicle.  Cage  lines  were  located  along 
the  ground  surface  perpendicular  to  the  front  (open)  well,  the  sidewall, 
and  the  backwall.  Data  from  the  two  charge  shapes  of  the  sane  weight  (I 
pound)  and  fron  two  charge  weights  of  the  same  shape  (spherical)  are 
conpared  in  the  Test  Results  section  of  this  report. 


TEST  REStn.T$ 

Ns^spherical  and  spherical  conposition  8 surface  burst  testa  were 
conducted  for  comparison  with  the  latest  TNT  data  for  the  same  shapes 
and  conditions.  These  tests  pru^ided  ttw  basis  for  ev^uatligt  the  cylin- 
drical conposition  • and  RDX  slurry  test  data  by  giving  a check  on  the 
data  acquisition  systen  and  by  yielding  the  TWT  equivalency  of  ennpoaition 
g.  The  concept  of  oquivoleocy  ia  thea  used  to  desertbo  the  effect  of  charge 
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sliape  (cylinder,  sphere  and  disc  versus  a hemisphere)  on  air*blast  param* 
eters. 

The  equivalent  weight  concept  provides  a method  for  comparing  air* 
blast  parameters  of  dissimilar  charges.  It  is  most  advantageous  if  it 
is  constant  over  wide  ranges  of  scaled  distance,  as  it  is  now  presen*^ed 
in  TM5*1300.  Equivalency  bv  weight  is  defined  as  tlie  ratio  of  the  weights 
of  two  dissimilar  charges  that  give  the  sane  peak  pressure  (or  impulse) 
at  ti\e  sane  range  from  ground  zero.  This  equivalency  can  be  obtained 
for  peak  pressure  from  pressure  versus  scaled  distance  relationships 
by  raising  the  ratio  of  the  scaled  distances,  at  a constant  pressure, 
to  the  third  power. 


at  constant  pressure,  P 

SO 


This  equivalency  (Wy/1^)  can  be  plotted  against  pressure,  or  Zy,  sine© 
all  three  define  a unique  cmditton  wis^re  the  equivalency  applies',  in 
this  report  the  equivalency  values  are  plotted  against  Z^  since  the 
designer  will  generally  know  g and  and  be  looking  for  Wy. 

The  impulse  equivalency  by  weight  is  obtained  from  scaled  impulse 
versus  scaled  distance  curves  by  cubing  the  ratio  of  scaled  distances 
that  fall  on  lines  of  constant  inpulse  (psi*m:ec}.  On  a log*log  slot 
of  scaled  inpulse  (psi*msec/lb*/3)  versus  sv^iled  distance  (ft /lb 3), 
it^ulse  (pstfssec)  is  constant  along  lint  with  a slope  of  degrees. 

On  these  lines: 


• a(R/w'^^) 

or  i • ak 

where  a is  a constant  that  locates  the  45-desree  line.  Thus,  along  these 
lines  the  conditions  for  equivalency  are  sattsftedt  that  is,  inpulse 
and  range  are  constant. 

TXT  Equivalency  of  Composition  I 

The  coapusition  i.  heni spherical  and  spherical-  turidce  burst  data 
is  eonpared  to  data  frAm  similar  tests  of  larger  quantities  of  TXT  in 
r^lgures  ?,  S,  f,  and  II.  Differences  are  snail  or  explainable. 

Pe^  pressure  fron  the  hentspherical  conpositluo  I surface  burst, 
detonated  on  a plate,  is  virtually  the  same  as  that  from  TXT  (see  Figure 
7),  except  for  peak  pressures  aboW  1^  psi.  Peak  pressure  levels  above 
the  t$0«psl  level  were  detemined  to  be  low  becaiaie  of  the  limits  of 
the  recording  system.  Similar  results  were  ohtatmed  with  a spheret  the 
eempositlon  S test  values  fall  om  one  or  the  other  of  the  tXf  curves 
(see  Fipire  f),  encept  for  pressures  above  psi  where  the  tiqirowed 
(kh^dla)  recorditti  system  attemmated  the  peak  pressure. 
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Scaled  lapulse  fro«  coapositlon  • and  TMT  hcniapherical  surface 
bursts  are  cenpared  in  Fiture  8.  Agreensat  betmen  the  cenposition  8 
data  (on  a steel  plate)  and  Kingerjr's  TNT  data  f61  is  teod.  The  iapulse 
curve  in  tMS-1300  111  is  higher  and  also  saoeths  the  peak  in  the  curve 
at  about  t't/lb''^.  Since  TH5-1300  references  Xittger>*s  report,  it 
must  be  «^suned  that  the  curve  in  TN5*1300  is  the  result  of  a generally 
conservative  snoothlng  of  tite  relationship  over  a «ride  range  of  scale 
distances  for  easier  presentatioa  and  use*  Subsequent  references  to  heni* 
spherical  TNT  data  wilt  refer  to  Ringery*s  data. 

It  vas  anticipated  that  conposition  B and  TNT  charges  of  the  sane 
^hape  and  under  sisUlar  conditions  would  have  alnost  identicnl  blast 
vield.  TM5*t300  gives  the  TNT  equivalencies  for  conposition  B at  pres* 

.sares  between  2 and  SO  psi  as  1.10  for  peek  press>ire  and  1.06  for  itqnilsc. 
in  order  to  neasure  these  equivalencies  experiaentally  you  nust  be  able 
to  neasure  a ratio  in  tte  scaled  distances,  at  the  sane  pressure  or 
iepulse,  of  1.03  (1.10^ '3)  jgig  1.02  (1*06^'^),  respectively.  Detendning 
such  a low  equivalency  was  not  possible  because  of  (1)  the  nagnitude  of 
the  standard  deviation  and  (2)  the  relatively  snail  nunbar  of  data  points. 

It  is  ieqw>rtant  to  note  that  the  standard  deviation  reflects  natural 
differences  bet%veen  identical  tests  es  well  as  experlnantal  error.  The 
difference  between  Distant  Plain  Event  6 and  Prairie  Flat,  shown  in  Figure 
Is  an  esanple.  At  the  lower  pressure  levels  the  two  stnilar  tests 
differ  by  riore  than  lOT.  This  difference  can  be  attributed  to  nsny  factors 
including  blast  anomUes^  test  site  differences,  and  experinental  error. 

A series  of  tests  on  the  sane  site  elintnates  the  effect  of  different 
tvst  site  conditions.  Ifesever.  when  the  results  are  applied  to  a situation 
at  another  location,  this  error  reenters. 

Uifhin  the  accuracy  of  the  test  setup,  differences  between  conposition 
S and  TNT  peak  pressures  and  scaled  impulse  for  stnilar  shapes  were  negli* 
gible.  Consider ing  the  natural  variation  of  explosive  yields  and  the 
conpronises  necessary  by  a designer,  eonpo^^rion  i and  TNT  can  be  considered 
to  have  the  sane  pressure  and  inpulae  outputs.  Other  factors,  such  as 
surface  conditions  and  charge  shr^,  are  no  re  Inportant,  To  be  cooservattve, 
Che  fNT  equivalencies  in  1^111*1100  can  he  applied  to  eoiposttlon  i. 

The  IS  suits  of  the  henispit,  rteal  and  s^rleal  conposition  i surface 
hursts  also  verlfv  the  accuracy  of  the  lost iventat ton  systen.  Fresswre 
data  fron  the  29*kNa  systen  ts  good  to  1V1  pst  and  fro*  the  A8*hlle  systeti 
to  m pst.  tnpulse  data  i»  accurate  over  the  votire  r^ge  of  scaled 
distances,  even  it  eay  W silently  low  at  pressure  ranges  above 

the  pressures  at  which  the  peak  is  attenuated. 

Nhape  EgttlvalencF 

It  ts  leceiptaed  that  charge  shape  has  a slgplflcant  effect  an  air* 
blast  parawters.  Ibesults  fran  charges  of  aiMereua  shapes,  reported  by 
Bdis,  et  al.  iiO)  in  showed  the  effects.  The  data,  however,  was 

United  to  presouees  betweea  2 and  II  psI*  iecenc  studies  nt  cylinders, 
spheres,  and  heed  spheres  provide  data  over  a nuch  neater  pressure  range 
and  ^Mw  the  equivalency  to  be  variable  ulth  scaled  distaace. 


Air«t>la!tc  froa  spb«rte«l  and  hrnisfharlcaii  surface 

bursts  are  usil  docunented.  The  peak  pressure  fron  a C|>herical  charge 
is  about  twice  that  of  a henisphertcal  charge  at  a sea  distance  of 
2 ft/lb'/^  t?J.  The  pressure  curves  of  the  two  shapes  ire  shown  (7| 
to  a»rge  at  scaled  distmees  greater  than  10  ft/lb*/3.  scaled  i'^ulse 
data  is  identical  I7|  for  the  t%r>  shapes  at  scaled  distances  greater 
than  <»  it/lb^'^.  At  a scale  distance  near  3 ft/lb^/3  Che  scaled  iapulse 
fron  a sphere  is  about  1.S  tines  chat  of  a hetsisphere.  Though  these  are 
Che  aaxiiMifei  differences  in  peak  pressure  and  tn^uise.  they  illustrate 
Che  great  efface  of  charae  shape  at  specific  scaled  distances. 

Air*kiasc  neasurenents  fron  cylindrical  charges  with  various  length 
CO  dianeter  (L/D)  redos  have  been  reported  by  IHsotski  and  Snyer  of 
Che  Denver  Research  Institute  fill  end  by  Reisler  and  leFevre  112)  of 
BRL.  Their  conparisons  of  cylinders  (with  L/D  ratios  between  1 and  3) 
and  spheres  have  shown  chat  cyliadars  produce  higher  pressures  (up  to 
AOT  higher  for  an  L/D  ■ 1)  at  scaled  distances  less  thaa  10  fc/lb''^ 
and  lower  pressures  (up  to  202  lower)  at  larger  scaled  distmees. 

Foak  pressure  neasurenents  were  coarared  in  these  refersaces  by 
c^ing  their  ratio  at  given  scaled  distances.  An  alternate  nethod  would 
be  CO  show  the  redo  of  equivalent  weights  that  p roduce  the  sane  pressure 
(or  iopulse)  at  the  sane  ground  rMge. 

Pressure  Equivalency.  Peak  pressures  fron  hent spherical » spherical, 
and  cylindrical  surface  bursts  are  conpared  in  figure  19.  The  spherical 
and  cylindrical  curves  are  fron  conpostcion  9 test  results.  The  henispheric&l 
reUdon^Hip  is  taken  fron  Thi*l100  for  a T!CT  surface  hurst  though  the 
coeposicion  5 results  can  he  considered  identical  (see  TUT  equi'ralency 
of  conposidon  9,  this  report).  Equivalent  weight  ratios  for  pairs  of 
charge^  of  different  shape  are  shown  la  figure  20.  As  ei^iected  the  weight 
of  a hecti spherical  charge  f^,^)  «ust  he  greater  thaa  that  of  a sphere 
or  cylinder  f^y|)  to  produce  the  sane  pressure  at  the  sane  near 
field  ranee.  The  opposite  Is  true,  hut  to  a smaller  degree,  at  the  far 
field  ranges.  The  cenposltton  i test  data  was  United  to  a adnlnun  scaled 
distance  of  2.M  ft/lh*'^.  Dat«^  fron  Reisler  17)  indicated  that  the  equtv 
aleat  weight  of  a henlsphere  to  ^hat  of  a sphere  **peaks**  at  3.29  Ih/lh 
at  a scaled  distance  of  2 ft/lb^').  Data  Is  not  available  at  the  snail 
sealed  distances  to  deteratne  the  pe^  equivalency  for  the  cylinder. 

The  hl^  equivalency  values  are  not  unusual.  The  basic  pressure 
curves  for  spheres  and  benL'^pberes  are  aell  docunented  bet  are  not  usually 
coiparod  In  tbts  nanner.  Since  pressure  Caad  iapulse)  cbaimes  are  relatively 
Insensitive  to  weight  changes  (t  * equivalent  uiigbts  aapllfy  the 

pressiMre  (or  inpulse)  diffetences.  (Rote  that  at  a scaled  distance  of 
2 ft/ib*^^  tbe  peak  pressure  of  a sphere  is  about  twice  that  of  a benlsphera, 
hut  the  equivalent  weight  of  the  henii^here  to  produce  that  pressure  is 
3.2S  tines  the  weight  of  a sphere). 

tnnulse  bguivalwicy.  Sealed  unit  Inpulses  fron  hem  spherical,  spher* 
lea) , SM  ephimtcal  surface  bursts  mtt  empared  In  fl#tre  21.  the 
spherical  and  cylindrical  curves  are  frun  the  eonposition  • test  results. 


The  hemispherical  relationship  is  taken  from  Kingery’s  [6]  TNT  data.  The 
hemispherical  composition  B results  were  in  good  agreement  with  the  TNT 
results  (Figure  8) . The  TNT  data  was  used  since  it  is  a coiq>osite  of 
many  large  scale  tests  and  since  the  differences  between  TNT  and  composi- 
tion B are  not  measurable  within  the  accuracy  of  our  recording  system. 

Thus,  the  effect  of  charge  shape  on  impulse  is  the  result  (whether  the 
curve  is  based  on  TNT  or  composition  B) . Considering  the  scatter  of  impulse 
data,  the  only  significant  differences  occur  at  scale  distances  less 
than  about  6 ft/lb^/3,  The  scaled  impulses  of  the  cylinder  and  sphere 
peak  much  higher  than  the  hemisphere  (42  versus  26  psi-msec/lb^ and  at 
a slightly  larger  scaled  distance.  The  data  also  shows  the  usual  trend 
of  scaled  impulse  data  to  fall  from  the  peak  value  (near  3 ft/lb^/3) 
until  it  again  increases  with  decreasing  scaled  distance. 

Because  of  the  slope  reversal  in  the  impulse  data  near  a scaled 
distance  of  3 ft/lb^/^,  there  is  a discontinuity  in  equivalent  weights. 
(Equal  impulse  lines  are  at  a 45-degree  slope  on  the  scaled  impulse  versus 
scaled  distance  plots.  Pairs  of  scaled  distance  va^-ues  that  fall  on  these 
45-degree  lines  describe  the  weight  equivalency.  A point  by  point  analysis 
results  in  a discontinuity  when  the  impulse  curve  reverses  slope  to  one 
greater  than  45  degrees.  This  occurs  at  the  peak  of  the  lower  curve  when 
values  are  being  calculated  point  by  point  at  decreasing  scaled  distances.) 
For  this  reason  the  impulse  equivalency  curve  in  Figure  22  for  ^ 

is  terminated  at  3.2  ft/lb^/^.  Results  for  a sphere  would*^^ 

have  been  similar  within  the  same  range  of  scaled  distances.^ 

Equivalency  of  RDX  Slurry 

The  RDX  slurry  peak  pressure  and  scaled  impulse  data  is  compared 
to  TNT  hemispherical  results  in  Figures  1J  and  16.  The  TNT  pressure  data 
was  taken  from  TM5-1300  [1]  and  the  impulse  data  from  Kingery  [6].  The 
equivalent  weight  ratios  (Wjux/Wslurry)  were  calculated  from  these  figures 
and  are  displayed  in  Figure  23.  The  pressure  equivalency  is  highest  (1.80 
Ib/lb)  at  a scaled  distance  of  5.2  ft/lb^/3,  xhe  impulse  equivalency  is 
between  1,3  and  1.4  Ib/lb  for  scaled  distances  between  2.7  and  10  ft/lb^/^. 
Inspection  of  Figure  16  shows  that  at  a scaled  distance  near  2.7  ft/lb^'^3 
a discontinuity  in  impulse  equivalency  occurs.  At  scaled  distances  less 
than  2.6  ft/lb^'^  the  equivalency  increases  substantially  to  a value 
of  around  5 Ib/lb.  This  high  equivalency  occurs  because  the  impulse  curve 
for  the  RDX  slurry  does  not  exhibit  the  trend  of  Impulse  data  from  other 
charges  to  turn  down  at  a scale  distance  around  3 ft/lb^/3  before  again 
increasing  with  decreasing  scaled  distance. 

The  equivalency  values  for  the  RDX  slurry  indicate  that  it  must 
be  considered  as  a high  explosive  with  at  least  the  yield  of  TNT.  The 
variable  equivalencies  determined  in  these  tests  are  more  indicative 
of  charge  shape  and  type  of  containment  than  with  equivalency  between 
explosives  only  dlffeving  in  composition. 
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Three -Wall  Cubicle  Effects 


Effect  of  Charge  Shape  on  Leakage  Environment.  Pressure  gage  measure- 
ments outside  a three-vall  cubicle  without  a roof  are  presented  in  Tables 
11  and  12,  shoving  blast  environment  from  1 -pound  cylindrical  and  spherical 
charges.  Results  from  pressure  gages  outside  the  open  front  wall  of  the 
cubicle  are  shown  in  Figure  24.  Charge  shape  did  not  affect  sc^ed  dura- 
tions at  any  scaled  distance.  At  scaled  distances  greater  than  4 ft/lb^/3, 
scaled  impulse  and  peak  pressure  data  showed  no  charge  shape  effects.  The 
average  peak  pressure  of  the  cylinder  at  4 ft/lb^/^  was  15%  higher  than 
that  of  the  sphere  and  the  scaled  impulse  of  the  cylinder  at  2 ft/lb^/3 
was  14%  higher  than  that  of  a sphere.  Cylindrical  charge  data  on  a line 
perpendicular  to  the  open  wall  of  a cubicle  can  be  used  for  predicting 
the  environment  from  spherical  charges.  At  worst,  the  data  will  be  slightly 
conservative  at  scaled  distances  less  than  4 ft/lb^/^. 

Pressure  gage  measurements  along  a line  perpendicular  to  the  sidewall 
(Figure  25)  followd  the  same  trend  as  out  the  front.  However,  pressures 
and  impulses  were  affected  to  a greater  scaled  distance  (8  ftAb^/^). 

(Note  that  the  cylindrical  pressure  at  4 ft'lb^/^  is  higher  than  the 
average  of  numerous  tests  run  during  the  subsequent  cubicle  test  program. 
The  average  from  a larger  sampling  gives  a pressure  about  20%  higher  than 
that  of  a sphere  [2].  Thus,  if  data  from  cylindrical  charges  is  used  to 
design  for  spherical  charges,  it  would  be  conservative  at  scaled  distances 
less  than  8 ft/lb^/3.) 

A somewhat  different  trend  is  found  in  comparing  results  from  the 
sphere  and  cylinder  over  the  backwall  of  the  cubicle  (Figure  26).  Scaled 
durations  are  still  the  same.  However,  spherical  pressure  data  is  higher 
at  scaled  distances  less  than  about  13  ft/lb^/3  and  cylindrical  impulse 
data  is  higher  over  the  entire  range  of  measurements.  Thus,  impulse  data 
but  not  pressure  data  from  cylindrical  tests  can  conservatively  be  used 
for  a spherical  charge.  However,  more  extensive  testing  from  three  dif- 
ferent cylindrical  charge  weights  [2]  showed  that  the  peak  pressure  versus 
scale  distance  curve  of  the  cylinder  has  the  same  maximum  pressure  value 
as  that  of  the  sphere  but  at  a closer  scaled  distance.  Because  the  max- 
imum pressure  behind  the  backwall  was  the  same  for  both  shapes,  the  design 
method  proposed  in  Reference  2 is  applicable  to  both.  That  method  uses 
two  intersecting  straight  lines  to  describe  the  pressure  environment.  A 
horizontal  line  (dependent  on  charge  density,  W/V)  limits  the  maximum 
pressure  and  intersects  a diagonal  line  describing  the  lower  pressures 
at  larger  scale  distances. 

Effect  of  Charge  Weight  on  Leakage  Environment.  Two  spherical  charge 
weights  (1.07  and  2.65  pounds)  were  tested  in  the  cubicle.  Results,  pre- 
sented in  Tables  12  and  13  and  plotted  in  Figures  27,  28,  and  29,  show 
considerable  differences  in  the  blast  environment  parameters.  This  is 
expected  since  the  size  of  the  cubicle  remained  constant  and  was  not 
scaled  up  for  the  increased  charge  weight.  Correct  scaling  requires  that 
the  charge  density,  W/V,  remain  constant.  Therefore,  results  from  differ- 
ent charge  weights  within  a single  geometry  cubicle  are  dependent  on  W/V. 
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CONCLUSIONS 


1 . The  blast  environment  from  composition  B charges  is  essentially 
equivalent  to  that  from  TNT  charges  of  the  same  shape.  The  TNT  equivalen- 
cies in  TM5-1300  (1.10  for  peak  pressure  and  1.06  for  impulse)  should  be 
used  in  design. 

2.  The  contained  RDX  slurry  used  in  this  test  program  is  a high  explosive 
with  a TNT  equivalency  that  varies  with  scaled  distance.  The  measured 
equivalencies  are  more  indicative  of  charge  shape  and  containment  effects 
than  the  difference  in  charge  composition.  Peak  pressures  and  impulses 
for  RDX  slurry  tanks  should  be  obtained  directly  from  the  plots  of  these 
parameters  versus  scaled  distances  (Figures  15  and  16).  Since  TNT  equiv- 
alency by  wei-^ht  is  not  constant,  it  offers  no  advantages  in  design 
applications. 

3.  Charge  shape  effects  on  the  surface  burst  environment  were  substantial 
at  scaled  distances  less  than  20  ft/lb^/^.  Charge  shape  must,  therefore, 
be  considered  at  these  scaled  distances.*  Use  of  data  from  cylindrical 
charges  at  less  than  20  ft/lb^'^  would  be  conservative  in  most  cases 
(that  is,  charges  approaching  spherical,  hemispherical,  or  cylindrical 
shapes) . 

4.  Charge  shape  changes  cause  less  variation  in  the  blast  environment 
outside  a protective  cubicle  than  they  do  in  the  case  of  a surface  burst. 
Use  of  cylindrical  charges  for  the  test  program  described  in  Reference  2 
will  produce  design  curves  that  will  be  applicable  for  most  charge  shapes. 

5.  An  extreme  difference  in  surface  hardness  has  significant  effect  on 
the  surface  burst  environment  at  scaled  distances  less  than  20  ft/lb^'5, 

A stiff  steel  plate  on  sand,  for  the  scale  model  tests,  gave  good  agree- 
ment with  large  scale  results. 

6.  Small  heights  of  burst  (0.40  ft/lb^/3)  measurably  reduced  side-on 
overpressure  and  impulse  at  scaled  distances  less  than  5 ft/lb^/3. 


RECOMMENDATIONS 

Equivalent  weights  are  easy  to  apply  when  they  are  constant  over  a 
wide  range  of  scaled  distances.  However,  an  equivalency  that  varies  with 
scaled  distance  is  not  practical  for  design  work.  Two  curves  must  be  used: 


* The  TM5-1300  Design  Manual  was  developed  from  tests  of  TNT  and 
composition  B charges  of  both  spherical  and  cylindrical  (L/D  ■ 1) 
configurations.  The  design  data  presented  reflects  this  charge 
shape  phenomenon.  For  charges  with  L/D  greater  than  one,  a pro- 
cedure whereby  the  charge  is  assusttd  to  consist  of  a series  of 
spherical  charges  Is  used.  This  procedure  has  produced  good 
agreement  with  available  test  data,  and  a supplement  to  TMS-13(X) 
is  being  prepared. 
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the  variable  equivalency  plot  to  determine  the  equivalent  weight  of  the 
standard  and  the  applicable  parameter  curve  of  the  standard.  Since  the 
effect  of  charge  shape  on  air  blast  is  a function  of  scaled  distance, 
instead  of  providing  a variable  equivalency  plot  the  actual  air-blast 
parameter  curve  for  that  charge  shape  should  be  provided  for  design. 

There  would  be  less  chance  for  error  and,  in  the  case  of  iiq>ulse 
relationships,  no  ambiguous  discontinuities. 

The  shape  effects  on  surface  bursts  cannot  be  applied  directly  to 
external  pressures  from  a charge  confined  in  a cubicle.  However,  these 
tests  have  demonstrated  that  results  from  cub.cle  tests  using  composition 
B cylinders  can  be  safely  used  for  most  compac.  charge  shapes.  Design 
curves  from  Reference  2 can  be  applied  to  a wide  range  of  standard  charge 
shapes  without  correction.  This  is  possible  because  the  cylinder  generally 
gives  conservative  results  (design  curves  in  Reference  2 will  allow  for 
the  one  condition  where  the  cylinder  gave  lower  pressures),  and  the 
cubicle  wall  interference  with  tiie  blast  wave  reduces  charge  shape  pro- 
duced variations  in  the  blast  waves. 
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(a)  Surface  burse  of  2.9S*pound 
hemispherical  charge  setup 
OQ  4*inch  steel  plate. 


(b>  KOX  slurrv  S*tneh  container 
eleeatH  over  steel  plate 
with  booster  of  lOt  grans  of 
C4  and  blast liht  c^  In 
place. 
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(a)  Pressure  and  Impulse  versus  time. 


Ktapscil  Time  (msec) 

(b)  Loy  pressure  versus  time. 

Figure  6.  Computer  plots  from  “ringing”  pressure  transducer, 
using  “ringing”  gage  S32  in  1 -pound  spherical  burst 
tests. 
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Figure  7.  Peak  pressure  from  hemispherical  surface  burst  on  sand 
and  on  steel  plate. 
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Figure  9.  Peak  pressure  from  spherical  surface  bursts. 
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Fixure  13.  Scaled  tnpulee  fro«  cylindrical  coaposition  B and 
hemispherical  TNT  surface  bursts. 
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Fifcur*  14.  etev«t«<i  v«r«»u*  «urf*c©  burwt  p«*k  pre«n’»rei»  and  scaled 
inpulses  for  cvlindrlcal  and  spherical  composition  B. 
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fl«Mr«  17.  ScaImI  poslclv*  pbM*  4ur«tloas  of  lwi«iiiph*rical  and 
<>pb»rlcal  chariprs. 


fliturir  lA.  Sc4iI«4  pbM*  duratl€NM  of  colwpoottloo  B 

cyllfMlorti  and  RDX  alurry  conparad  to  TNT  hamlapharaa 


Ki|ul¥*l«fit  Mlfilic  ratio*  for  aqual  |»aafc  pcasaura*  f 
cHaraoa  of  4fff«rwot  «hap*  at  tho  aaw  trouiwl  rana* 
CFtgura  19). 


Figure  22.  Equivalent  weight  ratios  for  equal  Impulse  (psi-msec)  from 
hemispherical  and  cylindrical  surface  bursts  at  the  same 
ground  range,  R (Figure  21). 


slurry  and  TNT  hemispheres. 


Fif^ure  25.  Blast  environment  parameters  behind  sidewall  of  cubicle 
for  spherical  and  cylindrical  charges  (W  « 1.0  pound). 
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